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[57] ABSTRACT 
A semiconductor device comprises a silicon substrate 
(1) formed with impurity diffusion layers (5, 9) in a 
region de?ned by insulating ?lms (2a, 2b) for separating 
elements and an aluminum alloy ?lm (11) for electrode 
interconnection having a contact hole portion 7 whose 
bottom is electrically in contact with the impurity diffu 
sion layers (5, 9). A titanium silicide (TiSi2) ?lm (4) is 
deposited on the surfaces of the impurity diffusion lay 
ers (5, 9) to reduce sheet resistivity thereof as well as 
reduce contact resistance between the same and the 
aluminum alloy ?lm (11). A molybdenum silicide 
(M0512) ?lm (8) is further formed thereon to prevent 
the TiSiz ?lm (4) from corrosion in removal of an oxide 
?lm through etching, while a titanium nitride (TiN) film 
(10) is formed thereon to prevent thermal reaction of 
the aluminum alloy ?lm (11) and the MoSi2 ?lm (8). 

10 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR DEVICE HAVING A METAL 
ELECTRODE INTERCONNECI'ION FILM WITH 

TWO LAYERS OF SILICIDE 

This application is a continuation of application Ser. 
No. 877,422, ?led June 23, 1986 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor 

device, and more particularly, it relates to a semicon 
duct'or device having a metal electrode interconnection 
?lm which is applied to a large-scale semiconductor 
integrated circuit (L81). 

2. Description of the Prior Art 
FIGS. 1 and 2 are sectional views showing an exam 

ple of a conventional semiconductor device which is 
applied to an LSI. 
With reference to FIG. 1, description is now made on 

the structure of the conventional semiconductor device. 
Referring to FIG. 1, insulating ?lms 1a and 2b for sepa 
rating respective elements are formed on a silicon sub 
strate 1 and an impurity diffusion layer 5 is formed in a 
region de?ned by the insulating ?lms 2a and 2b. There 
after another impurity diffusion layer 9 is formed in this 
region through an ion implantation method or a thermal 
diffusion method. Interlayer insulating ?lms 6a and 6b 
are formed on the insulating ?lms 2a and 2b and the 
impurity diffusion layer 5, and an aluminum alloy ?lm 
11 is formed thereon to have a contact hole portion 7 
whose bottom is in contact with the surface of the impu 
rity diffusion layer 5. 

Description is now made on the function of the con 
ventional semiconductor device as shown in FIG. 1. 
The silicon substrate 1 and the impurity diffusion layer 
5 are in P-N junction with each other to form a path for 
electric signals, which path corresponds to source/ 
drain layers of a MOS element. The impurity diffusion 
layer 5 is electrically in contact with the aluminum alloy 
?lm 11 serving as an upper electric signal path at the 
bottom of the contact hole portion 7. The other impu 
rity diffusion layer 9 is adapted to improve the P-N 
junction in peak inverse voltage, particularly in surge 
voltage, and is formed by introducing N-type impurities 
into the P-type semiconductor silicon substrate 1 
through ion implantation or thermal diffusion. Even if 
the contact hole portion 7 is deviatingly formed in a 
region lapping over the insulating layer 20 or 2b, in 
which region no impurity diffusion layer 5 is formed to 
provide P-N junction, the other impurity diffusion layer 
9 is self-alignedly formed through the contact hole por 
tion 7 to provide P-N junction. 
However, the conventional semiconductor device of 

the aforementioned structure has various disadvantages 
as follows: ' 

(l) In recent years, elements ‘are implemented with 
higher density of integration, whereby semiconductor 
devices must be vertically reduced in size in addition to 
having a ?ne structure in the horizontal direction. In 
other words, it is important to form impurity diffusion 
layers reduced in depth in order to retain/ improve 
characteristics of the elements. In the conventional 
semiconductor device as shown in FIG. 1, however, the 
impurity diffusion layers are increased in sheet resistiv 
ity\ by a reduction in depth. 

(2) The impurity diffusion layer 5 of the conventional 
semiconductor device as shown in FIG. 1 is electrically 
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2 
in contact with the aluminum alloy ?lm 11, and in such 
case, contact resistance is essentially higher than that 
between metal layers. 

(2) In heat treatment after formation of the aluminum 
alloy ?lm 11, counter diffusion takes place between 
aluminum (Al) in the aluminum alloy ?lm 11 and silicon 
(Si) in the impurity diffusion layer 5 to cause the so 
called “punch-throug ” of “spike” phenomenon break 
ing the original P-N junction. In order to prevent such 
a phenomenon, a supersaturated concentration of Si is 
generally added in thealuminum alloy ?lm 11. How 
ever, such added Si is deposited on the impurity diffu 
sion layers 5 and 9 in portions close to the bottom of the 
contact hole portion 7 in a cooling step after the said 
heat treatment, as shown by 12a and 12b in FIG. 2. The 
effective contact opening area between the aluminum 
alloy ?lm 11 and the impurity diffusion layer 5 is de 
creased by the deposited Si portions 12a and 12b, lead 
ing to an increase in contact resistance. Further, the 
deposited Si portions 12a and 12b including A1 are of P 
types to form P-N junction with the N-type impurity 
diffusion layers 5 and 9, whereby the contact resistance 
is further increased when currents ?ow in the reverse 
bias direction. 

(4) Even if Si is added in the aluminum alloy ?lm 11 
as hereinabove described, the said “punch-through” or 
“spike” phenomenon is caused to break the original P-N 
junction when Si is unevenly distributed or the heat 
treatment is performed at a high temperature for a long 
time. 
The aforementioned various disadvantages are partic 

ularly serious these days with a decrease in the diameter 
of contact holes and a reduction in the depth of the 
impurity diffusion layers for highly integrating the ele 
ments of ?ne structure. “The Use of Titanium-Based 
Contact Barrier Layers in Silicon Technology” by C. 
Y. Ting and M. Wittmer in Thin Solid Films, 96 (1982) 
pp. 327-344 disclosed a technique of providing a 
contact barrier layer of only molybdenum silicide 
(MoSi2) or only titanium silicide (TiSig) between an 
aluminum alloy layer and a silicon substrate in order to 
improve the aforementioned points, whereas such tech 
nique is still insuf?cient in various points such as chemi 
cal resistance. 

SUMMARY OF THE INVENTION 

Brie?y stated, provided according to the present 
invention is a semiconductor device which comprises a 
semiconductor silicon substrate formed with an elec 
trode region, a metal electrode interconnection ?lm 
having a contact hole portion selectively formed to be 
positioned on the electrode region and a metal silicide 
?lm formed at least between the said electrode region 
and the bottom of the said contact hole portion to elec 
trically couple the electrode region with the metal‘elec 
trode interconnection ?lm. 

In another aspect of the present invention, the elec 
trode region is an impurity diffusion layer or a polycrys 
tal silicon ?lm. 

In still another aspect of the present invention, the 
metal silicide ?lm is a single-layer ternary silicide ?lm. 

In a further aspect of the present invention, the said 
metal silicide ?lm is a multilayer ?lm consisting of two 
or three types of metal silicide ?lms. 

In a further aspect of the present invention, a diffu 
sion barrier is further formed on the said metal silicide 
?lm. 
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Accordingly, it is a principal object of the present 
invention to provide a semiconductor device which can 
form a thin electrode region in a semiconductor silicon 
substrate, thereby to improve the density of integration. 

It is another object of the present invention to pro 
vide a semiconductor device with improved contact 
resistance between an electrode region in a semiconduc 
tor silicon substrate and a metal electrode interconnec 
tion ?lm. 

It is still another object of the present invention to 
provide a semiconductor device which is excellent in 
heat resistance and chemical resistance. 
A principal advantage of the present invention is that 

an electrode region in a semiconductor silicon substrate 
such as an impurity diffusion layer or a polycrystal 
silicon ?lm can be improved in sheet resistivity. 
Another advantage of the present invention is that 

the electrode region is not corroded in removal of an 
oxide ?lm through etching. 

Still another advantage of the present invention is 
that metal such as Al contained in the metal electrode 
interconnection ?lm can be prevented from diffusion in 
heat treatment of the semiconductor device, thereby to 
prevent breakage of P-N junction in the electrode re 
gion. 
These and other objects, features, aspects and advan 

tages of the present invention will become more appar 
ent from the following detailed description of the pres 
ent invention when taken in conjunction with the ac 
companying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a conventional 
semiconductor device; 
FIG. 2 is a sectional view showing a state in which 

silicon is deposited at the bottom of a contact hole por 
tion in the semiconductor device as shown in FIG. 1; 
FIGS. 3A to 31 are sectional views showing steps of 

manufacturing a semiconductor device according to an 
embodiment of the present invention; and 
FIGS. 4A to 4D are sectional views showing various 

states of formation of ternary silicide ?lms in the semii 
conductor device according to the embodiment of the 
present invention. 1 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Description is now roughly made on a method of 
manufacturing a semiconductor device having a metal 
electrode interconnection film according to an embodi 
ment of the present invention with reference to the 
accompanying drawings. 
FIGS. 3A to 31 are sectional views showing steps of 

manufacturing the semiconductor device according to 
the embodiment of the present invention. 

Referring to FIG. 3A, relatively thick insulating ?lms 
2a and 2b are formed on the main surface of a silicon 
substrate 1 for separating respective elements, similarly 
to the conventional semiconductor device as shown in 
FIG. 1. " 

Referring to FIG. 3B, a ?lm 3 of titanium (Ti) is 
formed on the entire surfaces of the silicon substrate 1 
and the insulating ?lms 2a and 2b through, e.g., a sput 
tering process. 

Referring to FIG. 3C, heat treatment is performed to 
cause silicide reaction between Si in the silicon substrate 
1 and Ti in the Ti ?lm 3, thereby to self-alignedly form 
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a ?lm 4 of titanium silicide (TiSig) on the main surface of , 

4. 
the silicon substrate 1. Therefore, separated Ti ?lms 3a 
and 3b are left on the insulating ?lms 2a and 2b respec 
tively. 

Referring to FIG. 3D, an impurity diffusion layer 5 is 
formed in a region of the silicon substrate 1 covered by 
the TiSiz ?lm 4 through ion implantation and heat treat 
ment, so that the impurity diffusion layer 5 and the 
silicon substrate 1 form a P-N junction. The Ti ?lms 3a 
and 3b left on the insulating ?lms 2a and 2b in the step 
of FIG. 3C are selectively removed by etching. 

Referring'to FIG. 3B, interlayer insulating ?lms 6a 
and 6b are formed on the surfaces of the T1812 ?lm 4 and 
the insulating ?lms 2a and 2b through, e.g., a chemical 
vapor deposition (CVD) method, while a contact hole 7 
is selectively formed on a region of the TiSiz ?lm 4 
through a photolithography process and an etching 
process. 

Referring to FIG. 3F, a ?lm 8 of, e.g., molybdenum 
silicide (MoSiz) is formed entirely over the surfaces of 
the interlayer insulating ?lms 6a and 6b and the interior 
of the contact hole 7 through a sputtering method or the 
like. 

Referring to FIG. 3G, another impurity diffusion 
layer 9 is self-alignedly formed through the contact hole 
7 similarly to the conventional semiconductor device as 
shown in FIG. 1. 

Referring to FIG. 3H, a ?lm 10 of, e.g., titanium 
nitride (TiN) is formed by a sputtering method or the 
like over the entire surface of the MoSiz ?lm 8. 

Referring to FIG. 31, an aluminum alloy ?lm 11 of, 
e.g., AlSi is formed over the entire surface of the TiN 
?lm 10 through a sputtering method or the like. 

Description is now made on the function of the semi 
conductor device manufactured through the steps as 
shown in FIGS. 3A to 31. 

First, the function of the TiSiz ?lm 4 formed on the 
silicon substrate 1 as shown in FIG. 3C is described. 
When the silicon substrate 1 formed with the Ti ?lm 3 
(FIG. 3B) is subjected to heat treatment as hereinabove 
described, silicide reaction takes place between Ti in the 
Ti ?lm 3 and Si in the silicon substrate 1, whereby a 
portion of the Ti ?lm 3 being in contact with the silicon 
substrate 1 forms the TiSig ?lm 4. A Si diffusion step 
serves as a rate-determining step of the silicide reaction 
in practice. Therefore, when the heat treatment is per 
formed at a high temperature for a long time, silicide 
may be formed on the insulating ?lms 2a and 2b to cause 
shorting between the adjacent element regions. Further, 
Si may be diffused from the silicon substrate 1 into the 
Ti ?lms 3a and 3b on the insulating ?lms 2a and 2b to 
de?ne concavities on the silicon substrate 1. However, 
such problems can be prevented by optimizing the tem 
perature and time for the heat treatment, to self 
alignedly form the TiSiz ?lm 4 as shown in FIG. 3C. 
Further, the Ti ?lms 3a and 3b on the insulating ?lms 2a 
and 2b can be selectively removed bya mixed solution 
of H201 and NH4OH without corroding the TiSi2 ?lm 
4. Thereafter the impurity diffusion layer 5 is formed 
through ion implantation etc. as shown in FIG. 3D, and 
such structure of the TlSi2 ?lm 4 deposited on the impu 
rity diffusion layer 5 enables reduction in sheet resistiv 
ity of the impurity diffusion layer 5. 
When, for example, the channel length of a MOS 

transistor reaches the length of a submicron region, the 
impurity diffusion layer must be reduced injunction 
depth as hereinabove described in order to prevent a 
“short channel effect” and retain characteristics of ele 
ments at the sacri?ce of the sheet resistivity. In an ex 
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periment of forming an impurity diffusion layer of 0.15 
pm by injecting As into a silicon substrate, the sheet 
resistivity was about 100 0/1]. 
However, according to the structure of this embodi 

ment depositing the Ti ?lm 3 of, e.g., 50 nm in thickness 
on the impurity diffusion layer 5, the sheet resistivity is 
about 2 to 3 0/1] although the same junction depth is 
maintained. Namely, the TiSiz ?lm 4 contributes to the 
reduction in sheet resistivity of the impurity diffusion 
layer 5, thereby to facilitate formation of normal P-N 
junction. 

Description is now made on the function of the 
MoSiz ?lm 8 formed entirely over the surfaces of the 
interlayer insulating ?lms 6a and 6b and the interior of 
the contact hole 7 as shown in FIG. 3F. Suppose that no 
such MoSiz ?lm 8 is provided. When the other impurity 
diffusion layer 9 is formed with no provision of the 
MoSig ?lm 8 as shown in FIG. 3E, an oxide ?lm is 
formed on the TiSi2 ?lm 4. When, for example, the 
impurity diffusion layer 9 is formed through injection of 
phosphorus (P) and a thermal diffusion method, phos 
phor glass is formed and a ?lm of silicon oxide or tita 
nium oxide is formed on the TiSiz ?lm 4 by oxidation 
thereof upon heat treatment. Such an oxide ?lm must be 
removed in advance to ensure electric contact with the 
aluminum alloy ?lm 11 formed in a subsequent step. 
The oxide film is generally removed by etching through 
a solution of hydro?uoric acid, whereby the TiSiz ?lm 
4 is inevitably etched by hydro?uoric acid. 
According to the present invention, however, the 

MoSiz ?lm 8 insoluble to hydro?uoric acid as shown in 
FIG. 3F is provided in advance to formation of the'on 
the surface of the MoSi2 ?lm 8 can be removed without 
corroding the TiSiz ?lm 4. 
Due to the heat treatment for forming the impurity 

diffusion layer 9, metallurgical reaction may take place 
between the TiSiz ?lm 4 and the MoSiz ?lm 8, to form 
a ternary silicide ?lm. Such formation of the ternary 
silicide ?lm depends on the thickness of the TiSiz ?lm 4 
and the MoSig ?lm 8 and the temperature and time for 
the heat treatment. 
FIGS. 4A to 4D are sectional views respectively 

showing various states of formation of such ternary 
silicide ?lms. For example, an originally thin TiSiz ?lm 
4 entirely reacts on an MoSiz ?hn 8 formed on the same, 
thereby leaving a ?lm 30 of TiXMoySiz (X, Y, Z: com 
position ratio) and an unreactive MoSiz ?lm 8 as shown 
in FIG. 4A. When an MoSi; ?lm 8 is originally thin to 
the contrary, the MoSiz ?lm 8 entirely reacts on a TiSiZ 
?lm 4 formed under the same, thereby leaving a TiX. 
MoySiZ ?lm 30 and an unreactive TiSiz film 4 as shown 
in FIG. 4B. When heat treatment is performed at a high 
temperature or for a long time, both of a TiSiz ?lm 4 and 
an MoSiz ?lm 8 are completely alloyed to form a TiX. 
Mo ySiz ?lm 30 as shown in FIG. 4C. When heat treat 
ment is performed at a low temperature for a short time 
to the contrary, metallurgical reaction takes place only 
in an interface portion between a TiSiz film 4 and an 
MoSiz ?lm 8, thereby leaving an unreactive TiSiz ?lm 4, 
a TiXMoySiz ?lm 30 and an unreactive MoSiz ?lm 8 as 
shown in FIG. 4D. 
The said ternary silicide ?lms 30 are suf?cient in 

corrosion resistance against hydro?uoric acid in com 
parison with the TiSi2 ?lms 4 unless Y=0, and are suffi 
ciently resistant against removal of the aforementioned 
oxide ?lm through etching. 

It has been con?rmed by a Rutherford back scatter 
ing method that a ?lm of TiXMo YSiZ/TiSiZ was formed 
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6 
by thermally treating an MoSig ?lm of 150 A and a 
TiSig ?lm of 2000 A at a temperature of 800° C. for 20 
minutes. In this case, X, Y and Z were distributed along 
the direction of depth and Mo was excessive in the 
‘vicinity of the surface while Ti was increased with 
depth. 

Description is now made on the function of the TiN 
film 10 formed on the entire surface of the MoSig ?lm 8 
as shown in FIG. 3H. Suppose that no such TiN ?lm 10 
is provided.v Upon formation of the aluminum alloy ?lm 
11 as shown in FIG. 31, heat treatment is generally 
performed at a temperature of about 300° to 500° C. for 
annealing this ?lm or forming a passivation ?lm. If a 
metal silicide ?lm such as the MoSiz ?lm 8 is formed 
directly under the aluminum alloy ?lm 11, the alumi 
num alloy ?lm 11 reacts on the said metal silicide ?lm 
due to the said heat treatment to degradate contact 
resistance, whereby decomposed Al may reach the 
semiconductor silicon substrate 1 to break the P-N junc 
tion in the worst case. 
According to the present invention, however, the 

TiN ?lm 10 is provided on the MoSi2 ?lm 8 as shown in 
FIGS. 3H and 31 to serve as an excellent barrier for Al 
diffusion in advance to formation of the aluminum alloy 
?lm 11, thereby to prevent thermal reaction between 
the MoSiz ?lm 8 and the aluminum alloy ?lm 11. 

Reliability ‘in electromigration has become a subject 
of discussion with reduction in the width of aluminum 
alloy interconnections following development of high 
integration, and the aforementined aluminum alloy/TiN 
structure improves the electromigration characteristic. 
The contact hole portion for electrode interconnec 

tion is structured in the aforementioned manner, 
whereby the impurity diffusion layers 5 and 9 of the 
silicon substrate 1 themselves can be reduced in sheet 
resistivity while contact resistance between the impu 
rity diffusion layers 5 and 9 and the TiSiz ?lm 4 is lower 
than general contact resistance between the impurity 
diffusion layers 5 and 9 and the aluminum alloy ?lm 11. 
Further, chemical resistance against hydro?uoric acid 
etc. is increased and no thermal reaction takes place 
between the aluminum alloy film 11 and the MoSiz ?lm 
8 formed under the same, while the aluminum alloy ?lm 
11 itself has an excellent electromigration characteristic. 
Although the Ti ?lm 3 is formed in the‘ aforemen 

tioned embodiment, it may be replaced by a tantalum 
(Ta) ?lm, zirconium (Zr) ?lm or a hafnium (Ht) ?lm, to 
attain a similar effect to that‘of the embodiment. 
The MoSiz ?lm 8 in the aforementioned embodiment 

may be replaced by a tungsten silicide (W Si2) film, to 
attain a similar effect to that of the embodiment. 
Although the TiSiz ?lm/MoSiz ?lm, MoXTiySiZ ?lm 

/M0Si2 film, TiSig ?lm/MoXTiySiz ?lm, NoXTiySiZ 
?lm, TiSiz ?lm/MoxTiySiz ?lm/MoSi; ?lm are formed 
in the aforementioned embodiment, the same may be 
replaced by BSiz ?lm/MoSiz ?lm (B=Ta, Zr or Hf, and 
so forth), ASi; ?lm/WSiz ?lm (A=Ti, Ta, Zr or I-If, and 
SO forth), MOXBYSiZ ?lm/Mosh film, WXAySiZ 
?lm/WSiz ?lm, BSiz ?lm/MOXBYSlZ ?lm, ASiZ 
?lm/WXAySiZ ?lm, MoXBySiz ?lm, WXAySiZ ?lm, 

AySiZ ?lm/WSiz ?lm, to attain a similar effect to that of 
the embodiment. 
The TiN ?lm 10 in the aforementioned embodiment 

may be replaced by a TiW ?lm or a TaN ?lm, to attain 
a similar effect to that of the embodiment. 
The AlSi ?lm 11 in the aforementioned embodiment 

may be replaced by an Al ?lm, an alloy ?lm vof AlSi and 



4,910,578 
1 7 . 

other metal or an alloy ?lm of Al and other metal, to 
attain a similar effect to that of the embodiment. 
Although the embodiment has been described on the 

structure of a contact hole portion on impurity diffusion 
layers, the present invention is also applicable to the 
structure of a gate electrode interconnection in a MOS 
element, i.e., the structure of a contact hole portion of a 
polycrystal silicon ?lm, to attain a similar effect to that 
of the embodiment. 
Although the present invention has been described 

and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor substrate formed with an impurity 

diffusion layer as an electrode region; 
a metal electrode interconnection ?lm having a 

contact hole portion selectively formed over one 
part of said impurity diffusion layer, said one part 
having a greater depth as compared with a remain 
ing part of said impurity diffusion layer; 

a refractory metal silicide ?lm formed at least on said 
one part of the impurity diffusion layer, said refrac 
tory metal silicide ?lm having relatively low elec-v 
trical resistance and suf?cient resistance to corro 
sion by hydro?uoric acid, said refractory metal 
silicide film including an upper silicide layer of 
MoSiz and a lower silicide layer of Mo, Ti and Si; 
and 

a TiN barrier ?lm formed between said refractory 
metal silicide ?lm and said metal electrode inter 
connection ?lm for coupling said refractory metal 
silicide ?lm with said metal electrode interconnec 
tion ?lm. 

2. A semiconductor device comprising: 
a semiconductor substrate formed with an impurity 

diffusion layer as an electrode region; 
a metal electrode interconnection ?lm having a 

contact hole portion selectively formed over one 
part of said impurity diffusion layer, said one part 
havinga greater depth as compared with a remain 
ing part of said impurity diffusion layer; 

a refractory metal silicide ?lm formed at least on said 
one part of the impurity diffusion layer, said refrac 
tory metal silicide ?lm having relatively low elec 
trical resistance and-suf?cient resistance to corro 
sion by hydro?uoric acid, said refractory metal 
silicide ?lm including an upper silicide layer of 
MoSig, a middle silicide layer of Mo, Ti and Si, and 
a lower silicide layer of TiSig; and 

a TiN barrier ?lm formed between said refractory 
metal silicide ?lm and said metal electrode inter 
connection ?lm for coupling said refractory metal 
silicide ?lm with said metal electrode interconnec 
tion ?lm. 

3. A semiconductor device in accordance with claim 
1, wherein the refractory metal silicide ?lm is formed 
on the entire impurity diffusion layer. 

4. A semiconductor device in accordance with claim 
2, wherein the refractory metal silicide ?lm is formed 
on the entire impurity diffusion layer. 

5. A semiconductor device comprising: 
a semiconductor substrate formed with an impurity 

diffusion layer as an electrode region; 
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8 
a metal electrode interconnection ?lm having a 

contact hole portion selectively formed over one 
part of said impurity diffusion layer, said one part 
having a greater depth as compared with a remain 
ing part of said impurity diffusion layer; 

a refractory metal silicide ?lm formed at least on said 
one part of the impurity diffusion layer, said refrac 
tory metal silicide ?lm having relatively low elec 
trical resistance and suf?cient resistance to corro 
sion by hydro?uoric acid, said refractory metal 
silicide ?lm including an upper silicide layer or 
WSiz and a lower silicide layer of W, Ti and Si; and 

a TiN barrier ?lm formed between said refractory 
metal silicide ?lm and said metal electrode inter 
connection flm for coupling said refractory metal 
silicide ?lm with said metal electrode interconnec 
tion ?lm. 

6. A semiconductor device comprising: 
a semiconductor substrate formed with an impurity 

diffusion layer as an electrode region; 
a metal electrode interconnection ?lm having a 

contact hole portion selectively formed over one 
part of said impurity diffusion layer, said one part 
having a greater depth as compared with a remain 
ing part of said impurity diffusion layer; 

a refractory metal silicide ?lm formed at least on said 
» one part of the impurity diffusion layer, said refrac 

tory metal silicide ?lm having relatively low elec 
trical resistance and suf?cient resistance to corro 
sion by hydro?uoric acid, said refractory metal 
silicide ?lm including an upper silicide layer of 
WSig, a middle silicide layer of W, Ti and Si, and a 
lower silicide layer of TiSiZ; and 

a TiN barrier ?lm formed between said refractory 
metal silicide ?lm and said metal electrode inter 
connection ?lm for coupling said refractory metal 
silicide ?lm with said metal electrode interconnec 
tion ?lm. 

7. A semiconductor device in accordance with claim 
5, wherein the refractory metal silicide ?lm is formed 
on the entire impurity diffusion layer. 

8. A semiconductor device in accordance with claim 
6, wherein the refractory metal silicide ?lm is formed 
on the entire impurity diffusion layer. 

9. A semiconductor device comprising: 
a semiconductor substrate formed with an impurity 

diffusion layer as an electrode region; 
a metal electrode interconnection ?lm having a 

contact hole portion selectively formed over one 
part of said impurity diffusion layer, said one part 
having a greater depth as compared with a remain 
ing part of said impurity diffusion layer; 

a refractory metal silicide ?lm formed on the impu 
rity diffusion layer, said refractory metal silicide 
?lm having relatively low electrical resistance and 
suf?cient resistance to corrosion by hydro?uoric 
acid, said refractory metal silicide ?lm comprising 
a ?rst refractory metal silicide of low electrical 
resistance formed of Mo, Ti and Si on the entire 
impurity diffusion layer and a second refractory 
metal silicide having resistance to corrosion by 
hydro?uoric acid formed of MoSi2 on said one part 
of the impurity diffusion layer in a self-aligning 
manner; and I 

a barrier ?lm formed of TiN between said refractory 
metal silicide ?lm and said metal electrode inter 
connection ?lm for coupling said refractory metal 
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silicide ?lm with said metal electrode interconnec- acid, said refractory metal silicide ?lm comprising 
tion ?lm. a ?rst refractory metal silicide of low electrical 

10. A semiconductor device comprising: resistance formed of W, Ti and Si on the entire 
a semiconductor substrate formed with an impurity impurity diffusion layer and a second refractory 

diffusion layer as an electrode region; 5 metal silicide having resistance to corrosion by 
a metal electrode interconnection ?lm having a hydro?uoric acid formed of WSi2 on said one part 

contact hole portion selectively formed over one of the impurity diffusion layer in a self-aligning 
part of said impurity diffusion layer, said one part manner; and 
having a greater depth as compared with a remain- a barrier film formed of TiN between said refractory 
ing part of said impurity diffusion layer; 10 metal silicide ?lm and said metal electrode inter 

a refractory metal silicide ?lm formed on the impu- _ connection ?lm for coupling said refractory metal 
rity diffusion layer, said refractory metal silicide silicide ?lm with said metal electrode interconnec 
?lm having relatively low electrical resistance and tion ?lm. 
suf?cient resistance to corrosion by hydro?uoric * * * * * 
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